ABSTRACT. The subject of this article is the radiocarbon dating on bones in the western European Neolithic. By gathering 14 C dates for 2 examples, one chosen in the middle Neolithic of the Rhine region and the other in the end of the early Neolithic in the same region and in the Paris Basin, a significant gap appears between the sum probabilities of dates on charcoals and the ones obtained with bones. A comparison between these results with the few available dendrochronological dates shows that dates on bones seem too young, while the sequence based on charcoals fits. The existence of too-young 14 C dates of bones is not new: this phenomenon was already indicated in previous studies. Most explanations agree that there was a source of contamination, during the sample's burial or its treatment in laboratory. These examples illustrate that consequences can be heavy on a chronology built, partly or entirely, on 14 C dates of bones.
INTRODUCTION
The purpose of this paper is to investigate the validity of radiocarbon dates on bones in the western European Neolithic. To treat this question, 2 examples are presented, the former chosen in the middle Neolithic of the Rhine region, the latter taken in the end of the early Neolithic in the Paris Basin and the Rhine Valley. The aim is less to discuss the dating of these contexts than to underline the existence in both examples of series of 14 C dates on bones that are too young when compared with the results given by the dendrochronology, whereas the dates on charcoals seem to agree.
THE MIDDLE NEOLITHIC
The starting point of this subject leans on an aspect of a thesis devoted to the archaeological cultures of the middle Neolithic in regions of the Rhine, namely the cultures of Hinkelstein, Grossgartach, and Rössen, and the group of Bischheim (Denaire 2009).
Before considering the 14 C dating, it would be useful to briefly discuss these cultures. Chronologically, they take place between the end of the 6th and the first half of the 5th millennium cal BC (Figure 1) . During the entire last century, the chronological question was the subject of bitter debate, especially regarding the order in which these cultures succeed one another. The order that is accepted today is based on archaeological data (Meier-Arendt 1969) . On this point, 14 C dating has played no role.
It is possible to claim that the Hinkelstein culture is largely contemporary with the end of the early Neolithic based on the pits of Forchheim in the southern of Baden region (Stöckl 1994) or the site of Köln-Lindenthal in North Rhineland-Westphalia (Buttler 1935) , in which Hinkelstein potsherds were found in association with late Linearbandkeramik ones, as well as the famous grave of Vickletice in Bohemia, in which was found pottery of the Stroke-Ornamented ware culture and 2 other potteries imported from the Rhine Valley. One had typical decoration from the end of the Linearbandkeramik, the other had a decoration similar to Hinkelstein work (Zapotocka 1986) . Moreover, Hinkelstein was previously considered as one of the groups at the end of Linearbandkeramik (Meier-Arendt 1975) before being recently categorized as a separate archaeological culture (Spatz 1999) .
Studies of the ceramic works (Figure 2 ), the finery, and the funerary practices have shown that the cultures of Hinkelstein, Grossgartach, and Rössen and the group of Bischheim are genetically linked. In addition, stratigraphies in the region of Lake Constance (Dieckmann 1987) and many recuts of pits and graves, especially in Alsace (Denaire 2009), provide proof of the succession Hinkelstein-Grossgartach-Rössen-Bischheim.
More than 170 Hinkelstein sites have been counted (Denaire 2009). Most are located in the Middle Rhine, the Palatinate, the region of the Neckar and the Wetterau, and a few in the north of Alsace, southern Baden, and the Lake Constance region ( Figure 3A ). This culture is especially known through its graveyards in the Palatinate, like Worms-Rheingewann and Rheindürkheim (MeierArendt 1975) . Settlements are still unknown, with just a few domestic pits found. During the Grossgartach, the territory grew in a southern direction, to the Upper Rhine plain, the Lower Rhine, and the Moselle Valley as well as central Germany ( Figure 3B ). About 600 sites are indicated in this area. The quality of the documentation increases also, with large excavations on villages with buildings in the Lower Rhine and with important cemeteries, particularly in Alsace. During the Rössen period, the number of sites remains approximately the same (about 600). The area distribution evolves little, except in central Germany and the Lower Rhine where the density of sites rises (Figure 4A ). If only a few funeral contexts were studied, several settlements with houses and enclosures were excavated. The Bischheim is less well known, with 120 sites. The main reason is the difficulty to find settlements of this group: houses are smaller and fewer pits have been dug. Regarding the geographical aspects, Bischheim marks a change with the colonization of the Paris Basin ( Figure 4B ).
After this short presentation of the archaeological context, let us consider the dating of these 4 cultures. They have together a duration of more than 500 yr. For this resolution (>100 yr), it should be possible to work with 14 C dates. In total, 118 14 C measurements were found in the literature for Hinkelstein, Grossgartach, Rössen, and Bischheim (see Table 1 , in Appendix). Of course, it is understood that these dates cannot all be usable, and it is necessary to select reliable dates. The cri- Figure 1 Simplified chronological table of the middle Neolithic for the Rhine region teria are the following. The archaeological context must be certain, and the interval has to be smaller than 100 yr (<±100 yr BP). Finally, the dates affected by evidence of contamination, like the con- Figure 2 Selection of decorated potteries of the cultures of Hinkelstein (1-2), Grossgartach (3-4), Rössen (5-6) and Bischheim (7-8). 1-2 in Meier-Arendt 1975; 2-6 in Denaire 2009; 7-8 in Jeunesse et al. 2003. ventional measurements on human bones of Trebur, are excluded (Spatz 2001). For example, the 2 dates of Zizers, in the canton of Grisons, cannot be kept since the relation between the samples and Hinkelstein shards is not clear. Furthermore, this site is located more than 100 km from the southern limit of the distribution area for the Hinkelstein culture. It seems that we are not following the case of the Bischheim and Epirössen pottery found in Egolzwil settlements (Doppler 2007) , but like the case depicted in Zurich-Mozartstrasse where Grossgartach shards were found in more recent layers than expected (Stöckli 1990) . Thus, these 14 C samples have also been rejected. From about 100 total dates, only 44 were selected: 8 for Hinkelstein, 12 for Grossgartach, 20 for Rössen, and 4 for the Bischheim. Within this selection, charcoal is the best represented material with about 70% of the samples, with most of the remaining samples from bone.
The sum of the probabilities of all the dates, on charcoals and bones, were calculated with the software ( Reimer et al. 2004 ). The results must be analyzed. According to observations of the stratigraphies, Hinkelstein is really the first culture and Bischheim the last, but at the expected succession between Grossgartach and Roessen, the 14 C sets show a strict contemporaneousness. The phase model function of OxCal software applied on the same dates is of no help. Indeed, it reduces the chronological span of Grossgartach and Roessen to a few years.
However, if we sort the dates according to the sample material, the results are more in agreement with the stratigraphies. The sum of the probabilities for the dates on charcoals ( Figure 6 ) shows a succession between Hinkelstein (5370-4990 cal BC, 1 σ), Grossgartach (4900-4600 cal BC), , and the group of Bischheim (4590-4360 cal BC). The partial overlap between Grossgartach and Rössen could be explained by the fact that the available dates of charcoals for Grossgartach concern, according to the ceramic decorations, a young phase of this culture. This succession is confirmed by the phase model function of OxCal, which places the transitions around 4900, 4830/4790, and 4595/4510 cal BC, respectively.
As for the dates on bones, only Hinkelstein and Grossgartach contain information; no measurement on bone is currently available for the Rössen and Bischheim contexts ( Figure 7 ). The sum of the probabilities gives for Hinkelstein and Grossgartach a younger dating than those obtained with dates on charcoals (respectively, 4950-4610 and 4770-4460 cal BC).
It now remains to determine which series is the best to use, which one links best with the end of the early Neolithic and with the period following the Bischheim (the so-called epirössen horizon). Luckily, these 2 events are fixed by dendrochronological and 14 C dating. Thus, the date of the woodlined well of Erkelenz-Kückhoven (5057 ± 5 yr; Weiner 1998) allows to place the end of the early Neolithic at 5050-5000 cal BC. As the Hinkelstein is largely contemporary with the end of Linearbandkeramik, the sum of the probabilities should, logically, be mostly before the date supplied by the well of Kückhoven. By rejecting the dating of Hinkelstein after 4950 cal BC, dates on bones do not agree with this chronological sketch, while those supplied charcoal measurements fit well (Figure 4) . Available tree-ring and 14 C dates for the epirössen horizon place its beginnings towards 4350 cal BC at the latest (Jeunesse et al. 2003:146; Zeeb 1998:147-8) . The dates on charcoals articulate well with this terminus (Figure 4) . By rejecting dating of the Roessen and the Bischheim after 4500 cal BC, the dates on bone for Grossgartach leave too little span of time for these 2 cultures (<150 yr).
In conclusion, from this first example, it is necessary to emphasize that, contrary to what it is usually expected, the 14 C dates on charcoals agree well with the dendrochronology, while dates on bones seem too young.
THE END OF THE LINEARBANDKERAMIK CULTURE
The second example concerns the early Neolithic. It is not my ambition to tackle the difficult question of the 14 C dating of the Linearbandkeramik. I am only interested in the end of this culture, more particularly in the Paris Basin and regions of the Rhine, especially North Rhineland-Westphalia, the Middle Rhine, and the Palatinate, and the Neckar Valley ( Figure 8 ). As recent studies support, the end of the Linearbandkeramik can be considered roughly contemporary in these regions (Lefranc 2007:227) . A discussion remains concerning the very end of the Linearbandkeramik in the Paris Basin, called the RRBP final. Two different points of view exist. The first places the RRBP final before the Villeneuve-Saint-Germains (VSG) and the Augy-Sainte-Pallaye (ASP), 2 other cultures of the early Neolithic in the Paris Basin ( Figure 9A ; Dubouloz 2003). The second considers that the RRBP récent, the VSG, and the ASP are largely contemporaneous and rejects placing the RRBP final after them ( Figure 9B ; Jeunesse 1999). In this opinion, the end of the RRBP final could be synchronized with the beginning of the Grossgartach horizon. Considering the 14 C data, no difference exists between RRBP récent and final dates. As the context (récent or final) is not always indicated, both series were treated together. The literature in these regions gives 119 14 C dates for the end of Linearbandkeramik (Table 2, in Appendix). Of the 119, 67 were chosen as reliable, 51 for the regions of the Rhine and 16 for the Paris Basin. The used criteria of selection are the same that previously. This series of dates is dominated by measurements on bone in the Paris Basin, where only 3 dates on charcoals were able to be collected (site of Collombelles) and 3 other dates on crops and hazelnuts. In the regions of the Rhine, dates on bones are as numerous as ones on charcoal (with crops), respectively, 25 and 26 samples. The sum of the probabilities for all the dates gives about the same time span, except that the one for Paris Basin is a little wider ( Figure 10 ).
As in the previous example, we have separated the dates on bones from those on charcoals ( Figure  11 ). In the Paris Basin and the Rhine region, the chronological interval is approximately the same, before 5000 cal BC. However, with only 6 dates on charcoal and crops, the series of Paris Basin can- not be compared with the Rhine results without restrictions. New dates are needed to confirm this observation.
The dates obtained on bones are again younger: 5210-5160, 5150-5090, and 5080-4840 cal BC for regions of the Rhine; 5000-4900 and 4850-4450 cal BC for the Paris Basin. In order the best series between these 2 examples, it is possible to lean again on the dendrochronological date of ErkenlenzKückhoven, which allows for the Rhineland to be placed at the end of Linearbandkeramik, towards 5000 cal BC (Spatz 2001). The series that fits best into this sketch-the one which is, for the main part, previous to this tree-ring date-is the series on charcoals, whereas the dates on bones seem too young (Figure 11 ).
Keeping in mind the discussion above on the relative chronology of the Paris Basin, and if we consider that the date of Erkenlenz could be a reference for this region, one is able to conclude that the dates on charcoals and crops fit well (they give the same result as in the regions of the Rhine); the dating on bones is once again for a large part too young. Even if we opt for a late position of the RRBP final in the chronology sequence, it is impossible to support that the end of the Linearbandkeramik takes place after 4800 cal BC in the Paris Basin. The chronological span given by the bone measurements is largely younger: it is contemporaneous with the Rössen culture and a large part of the Bischheim group! CONCLUSION First, it is necessary to clarify the limits of the exercise in which we have engaged. Indeed, once the selection of dates is operated, each culture or phase is dated only by a few of measurements, which, furthermore, come from different regions (Figures 3, 4, and 8) . Nothing allows us to prove that the chronology in these regions is strictly the same. Furthermore, a wide part of our argument is based on the tree-ring date of the Kückhoven well. It is not impossible that new dating will bring important modifications, which has already been the case for other contexts (Conscience 2001). We can also discuss the link between the wood-lined well and the shards. Despite these reservations, we can conclude that dates on bones seem too young while those on charcoals fit better. In the example of the middle Neolithic, it is impossible to consider the Grossgartach dates on bone as good ones: they do not leave enough time for the Rössen and Bischheim before the beginning of the epirössen groups.
It is difficult to generalize these observations in other Neolithic contexts: first, only a few contexts possess 14 C measurements on bones and charcoals as well as tree-ring dates; second, often it is obvious that dates on charcoals are really too old, influenced by the "old wood" effect. The purpose of this paper is not to reject 14 C dates on bones, which are often the only available kind of sample in Neolithic sites, but to stress that this material, whose life is shorter than most of trees' species, is not exempt of problems. Consequences can be heavy on a chronology built, partly or entirely, on 14 C dates of bones.
The existence of too-young 14 C dates on bones is not new: it has been indicated in archaeological literature on the Neolithic (Spatz 2001) and ancient prehistory (Higham et al. 2006 ). However, it seems that for the Neolithic, this phenomenon does not concern just 1 or 2 dates, but can affect several samples, with all the consequences that it can have on the construction of a chronology built, partly or entirely, on such dates. The explanations generally advanced discuss problems of contamination during the sample's burial (Spatz 2001) or its treatment in the laboratory (Bronk Ramsey et al. 2004) . Moreover, it is regrettable that for most of the dates treated in this paper, no indication specifies the quality of the sample and the procedure followed by the laboratory. Finally, this problem underlines the need for a more intense interdisciplinary cooperation between dating laboratories and archaeologists. Grossgartach, Rössen, and Bischheim (Jeunesse 1993; Stöckl 1994; Waton and Nilles 1998; Biermann 1997; Jeunesse and Pétrequin 1997; Eisenhauer 2002; Jadin 2003; Jeunesse et al. 2003; Lönne 2003; Stöckli 2002; Spatz 2001 Grossgartach, Rössen, and Bischheim (Jeunesse 1993; Stöckl 1994; Waton and Nilles 1998; Biermann 1997; Jeunesse and Pétrequin 1997; Eisenhauer 2002; Jadin 2003; Jeunesse et al. 2003; Lönne 2003; Stöckli 2002; Spatz 2001 
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